Europaisches Paten tarn t 
European Patent Office 
Office europeen des brevets 






(fi) Publication number: 0 639 901 A2 



@) Application number : 94306095.4 
(22) Date of filing : 18.08.94 



EUROPEAN PATENT APPLICATION 

©int. Cl. 6 : H04B 17/00 



@ Priority : 20.08.93 JP 206365/93 
10.11.93 JP 281202/93 

@ Date of publication of application : 
22.02.95 Bulletin 95/08 

@ Designated Contracting States : 
DE FR GB IT 

© Applicant : HITACHI, LTD. 
6, Kanda Surugadai 4-chome 
Chiyoda-ku f Tokyo 101 (JP) 

© Applicant : HITACHI MICROCOMPUTER 
SYSTEM LTD. 

22-1, Jousuihoncho 5-chome 
Kodaira-shi Tokyo (JP) 

© Inventor : Hagisawa, Hiroshi 
4597-3 Tsunobuchi, 
Tamamuramachi 
Sawa-gun, Gunma-ken (JP) 
Inventor : Watanabe, Kazuo 
865-1 Kaminakaimachi 
Takasaki-shi (JP) 
Inventor : Takahashi, Kyoichi 
242-4 Shimotozuka 
Fujioka-shl (JP) 
Inventor : Takahashi, Kenji 
145-3 Nishiyokotemachi 
Takasaki-shi (JP) 
Inventor : Waki, Michio 
597-60 Nakago, Komochimura 
Kitagunma-gun, Gunma-ken (JP) 
Inventor : Mats u oka, Tadashi 
839-11 Shimosanomachi 
Takasaki-shi (JP) 



© Representative : Calderbank, Thomas Roger et 
al 

MEWBURN ELUS 

York House 

23 Kingsway 

London WC2B 6HP (GB) 



© Radio communication apparatus with circuit for field strength determination. 
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(57) Part of a first signal path (100) for amplifying a 
signal includes circuits (33b, 34b) for detecting 
a signal, and a second signal path (200) connec- 
ted to an input portion of the first signal path 
includes circuits (61b, 62b) for detecting the 
signal. A signal strength detector circuit (5) 
adds outputs from the respective detector cir- 
cuits in the first and second signal paths. The 
first signal path has a function of expanding the 
dynamic range in a smaller signal region as 
compared with the second signal path, while 
the second signal path has a function of 
expanding the dynamic range in a larger signal 
region as compared with the first signal path. 
When a radio transmitted output is variably 



controlled in a radio transmitter section (TX) 
based on a field strength detection output for a 
received signal, the transmitted output is opti- 
mized, resulting in minimizing consumed power 
and unnecessary radiation of radio waves. 
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The present invention relates to tecnniques which 
are effectively applicable to radio communication ap- 
paratuses, for example to digitally controlled mobile 
communication apparatuses. Examples of the pres- 
ent invention are directed to techniques which are ef- 
fectively utilized in portable telephones of zone selec- 
tion type, i.e., so-called cellular telephones. 

A mobile radio system is disclosed in Y. Hishida 
et al, "Mobile Communication system: Its semicon- 
ductor Technology", HITACHI REVIEW, Vol. 42 - No. 
3, pp. 95-124, June 1993. Also, a signal field strength 
detector circuit is disclosed in JP-A-60-70372. 

In radio communication apparatuses, particular- 
ly, mobile radio communication apparatuses such as 
a cellular telephone, a radio zone (cell), a communi- 
cation channel (communication frequency), and so 
on may be frequently changed in accordance with 
transmission conditions. The selection of a radio zone 
(cell) and a communication channel (communication 
frequency) is made based on the field strength of a 
received signal. Therefore, a highly accurate function 
of detecting the field strength of a received signal is 
indispensable to a portable radio telephone such as 
a cellular telephone in order to constantly and prop- 
erly carry out the above-mentioned control. 

A conventional signal amplification/detection 
output circuit having an amplifier circuit composed of 
a plurality of cascade connected amplifiers, each pro- 
viding an amplified signal and a detection signal, 
adds circuit currents of the respective amplifiers, 
which vary in accordance with respective amplified 
signal amplitudes, to produce a summed detection 
signal which is then supplied to a signal strength de- 
tector circuit. The signal strength detector circuit per- 
forms processing such as smoothing on the produced 
detection signal and outputs a voltage signal at a DC 
level indicative of a detected field strength of a re- 
ceived signal. A variety of controls such as a search 
for an optimal received frequency are performed 
based on the field strength detection output thus pro- 
duced. 

However, the present inventors have revealed 
thatthe above-mentioned techniques have the follow- 
ing problems. 

First, while the above-mentioned conventional 
radio communication apparatus should reduce the 
noise figure (NF) of the ampl if ier circuit for amplifying 
a received signal for demodulation as well as expand 
the dynamic range for detecting the field strength of 
received signals, these two operations are in contra- 
diction to each other. 

Specifically explaining, if a resistor Re is inserted 
at the emitter of each of a pair of transistors consti- 
tuting a differential amplifier circuit as shown in Fig. 
1 A, a relatively large dynamic range results as shown 
in Fig. 2A. The emitters Re, however, may be sources 
of noise such as heat noise, so that they may exhibit 
a side effect that the noise figure of the amplifier cir- 



cuit is degraded. With a degraded noise figure, a 
noise level included in an amplified received signal 
may be raised to adversely affect the demodulation of 
received signals. 

5 On the other hand, if the emitter resistors Re are 

removed from the differential amplifier circuit as 
shown in Fig. 1B, a better noise figure and a larger 
amplification factor, i.e., sensitivity of the amplifier 
circuit are provided. However, this larger amplifica- 

10 tion factor of the amplifier circuit may cause an output 
signal level to be readily saturated even with a rela- 
tively small input signal. As a result, as shown in Fig. 
2B, the dynamic range of the amplifier circuit be- 
comes narrower so that the field strength detecting 

15 capability is degraded in a strong electric field. With 
an insufficient capability of the amplifier circuit for de- 
tecting field strength, a variety of controls based on 
a detected field strength cannot be achieved in a high 
accuracy. 

20 In a radio communication apparatus, a majority of 

electric power is consumed by a transmitter section, 
particularly, by a high frequency power amplifier. In 
order to effectively reduce the power consumption, 
an output to be transmitted should be set to the small- 

25 est possible value. However, a transmitted output, if 
set at a small value, will cause a contradiction that it 
is quite difficult to stably ensure a constant commu- 
nication quality when the radio communication appa- 
ratus is used in mobile applications. 

30 It is a preferred aim of the present invention to 

provide techniques which enable the dynamic range 
for detecting the field strength of a received signal to 
expand such that a variety of controls can be highly 
accurately performed based on a detected field 

35 strength, while maintaining a reduced noise figure in 
order to favorably perform demodulation and so on for 
the received signal. 

The present invention may also provide a field 
strenth detector circuit which has a low noise figure 

40 and a wide dynamic range. 

The present invention may further provide a radio 
communication apparatus which utilizes an output 
signal of the field strength detector circuit having a 
low noise figure and a wide dynamic range. 

45 The above and other preferred aims and features 
of the present invention will become apparent from 
the description of preferred embodiments when read 
in conjunction with the accompanying drawings. 
From the invention disclosed in the present appli- 

50 cation, typical features will be described below in 
summary. 

Apart from a first signal path for amplifying a re- 
ceived signal and transmitting the amplified received 
signal to a demodulator, a second signal path for 
55 transmitting the received signal is provided such that 
a detection signal extracted from the first signal path 
and a detection signal extracted from the second sig- 
nal path are used to detect the field strength of the re- 
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ceived signal. The first signal path is composed of cir- 
cuits which give priority to the communication quality, 
while the second signal path is composed of circuits 
which give priority to the width of the dynamic range. 
The configuration described above allows the field 
strength of a received signal to be detected in a wider 
dynamic range, while amplifying the received signal 
to be transferred to the demodulator with a reduced 
noise figure. 

In this manner, the present invention achieves its 
object of expanding the dynamic range for detecting 
the field strength of a received signal such that a va- 
riety of controls can be highly accurately performed 
based on the detected field strength, while maintain- 
ing a reduced noise figure and a high sensitivity in or- 
der to favorably perform demodulation and so on for 
the received signal. 

in the drawings: 

Figs. 1A and 1B are circuit diagrams showing an 
amplifier circuit for providing a wide dynamic 
range and an amplifier for providing a reduced 
noise figure, respectively; 
Figs. 2A and 2B are graphs showing input/output 
characteristics of the amplifier circuits illustrated 
in Figs. 1Aand 1E, respectively; 
Fig 3 is a block circuit diagram showing a first em- 
bodiment of a radio communication apparatus to 
which techniques of the present invention are ap- 
plied; 

Fig. 4 is a graph showing dynamic ranges of the 

apparatus illustrated in Fig. 3 for detecting the 

field strength of a received signal; 

Fig. 5A is a circuit diagram showing in detail the 

apparatus illustrated in the block diagram of Fig. 

3; 

Figs. 5B and 5C are circuit diagrams respectively 
showing in detail a reference voltage source 4 in 
Fig. 5A; 

Fig. 6 is a block circuit diagram showing a second 
embodiment of the present invention; 
Fig. 7 is a block circuit diagram showing a first 
embodiment of a cellular telephone to which the 
radio communication apparatus of the present in- 
vention is applied; 

Figs. 8Aand 8B are diagrams showing wide radio 
zones (cells) and narrow radio zones (cells), re- 
spectively; 

Fig. 9A is a graph for explaining a problem possi- 
bly occurring in a transmitted output when a nar- 
row dynamic range is provided for detecting the 
field strength; 

Fig. 9B is a graph for explaining a problem possi- 
bly occurring in a transmitted output when a de- 
tected field strength presents a bad linearity; 
Fig. 9C is a graph for explaining a transmitted out- 
put produced when a wide dynamic range is pro- 



vided for detecting the field strength with a de- 
tected field strength presenting a good linearity; 
Fig. 10 is a block circuit diagram showing a sec- 
ond embodiment of a cellular telephone to which 
5 the radio communication apparatus of the pres- 

ent invention is applied; 

Fig. 11 is a block circuit diagram showing a third 
embodiment of a cellular telephone to which the 
radio communication apparatus of the present in- 
to vention is applied; and 

Fig. 12 is a block circuit diagram showing afourth 
embodiment of a cellular telephone to which the 
radio communication apparatus of the present in- 
vention is applied. 
15 Embodiments of the present invention will here- 

inafter be described with reference to the accompa- 
nying drawings. It should be noted first that identical 
reference numerals designate the same or corre- 
sponding parts in all these drawings. 
20 Fig. 3 shows one embodiment of a main portion 

(receiver section) in a radio communication appara- 
tus, to which techniques of the present invention are 
applied. The receiver section includes an antenna 1; 
a front end tuner (FET section) 2; an intermediate fre- 
25 quency amplifier (IF section) 3 for amplifying at mul- 
tiple stages a received signal, which has its frequency 
converted by the FET section 2, in order to demodu- 
late the received signal; a plurality of amplifier circuits 
31 - 35 constituting amplification stages in the IF sec- 
30 tion 3; a demodulator 4; a signal strength detector cir- 
cuit 5; and amplifier circuits 61, 62 arranged sepa- 
ratelyfrom the IF section 3for amplifying the received 
signal at multiple stages. The amplifier circuit 35 at 
the last stage in the IF section 3 serves as a limiter 
35 amplifier. 

In the above configuration, the amplifier circuits 
31 - 35 in the IF section 3 constitute a first signal path 
100, while the amplifiers 61 , 62, arranged separately 
from the IF section 3, constitute a second signal path 
40 200. 

Each of the amplifier circuits 31 , 32 at former sta- 
ges is composed of circuits which give priority to re- 
duced noise figure and sensitivity, i.e., circuits which 
give priority to the communication quality, such as 

45 that shown in Fig. 1B. Each of the amplifier circuits 
61, 62 in the second signal path 200 in turn is com- 
posed of circuits which give priority to the width of the 
dynamic range, such as that shown in Fig. 1 A. 
The signal strength detector circuit 5 detects the 

so field strength of a received signal from detection sig- 
nals (i3, i4, i5) extracted respectively from the ampli- 
fier circuits 33, 34, 35 at latter stages in the first signal 
path 100 and detection signals (i1, i2) extracted re- 
spectively from the amplifier circuits 61, 62 in the 

55 second signal path 200. 

Though not particularly limited, the first signal 
path 100 and the second signal path 200 in Fig. 3 may 
be formed on a single silicon semiconductor chip as 
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a monolithic semiconductor integrated circuit device. 

Fig. 5A is circuit diagram showing in detail a cir- 
cuit portion including the amplifier circuits 31 , 32, 33, 
61, 62 constituting the first signal path 100 and the 
second signal path 200. A signal (IN) outputted from 
the front end tuner 2 in Fig. 3 is supplied through a 
coupling capacitor C1 for cutting a direct current com- 
ponent to an external terminal T1 of the semiconduc- 
tor integrated circuit device. The external terminal T1 
is coupled to first input terminals of the amplifier cir- 
cuit 31 at the first stage in the first signal path 100 and 
the amplifier circuit 61 at the first stage in the second 
signal path 200. 

The plurality of cascade connected amplifier cir- 
cuits constituting the first signal path 100 form a di- 
rect-coupled multi stage amplifier circuit. 

The amplifier circuit 31 at the first stage is com- 
posed of a pair of differentially amplifying transistors 
Q1, Q2; collector load resistors R2, R3, arranged be- 
tween the collectors of the respective differential am- 
plifying transistors Q1 , Q2 and a power supply termi- 
nal Vcc; a differential amplification stage including a 
constant current transistor Q3 and an emitter resistor 
R4; a pair of emitter follower transistors Q4, Q5; and 
an emitter follower output stage including a pair of 
constant current transistors Q6, Q7 and emitter resis- 
tors R5, R6. Though not particularly limited, a con- 
stant current source composed of the constant cur- 
rent transistor Q3 and its emitter resistor R4; a bias 
current source composed of Q6 and R5; and a bias 
current source composed of Q7 and R6 may be all op- 
erated with a common bias voltage Vrf 1 . This bias vol- 
tage vrfl is formed by a common reference voltage 
source VRF1 which is arrange within the same sem- 
iconductor integrated circuit device and operated with 
a power supply voltage supplied to the power supply 
terminal Vcc. 

In the illustrated configuration, the bases of the 
differential amplifier transistors Q1, Q2 constitute 
first and second input terminals la, lb of the differen- 
tial inputs, respectively. The emitter of the emitterfol- 
lower transistor Q4 constitutes a first output terminal 
Oa for outputting a signal in a phase reverse to the 
first input terminal la, while the emitter of the transis- 
tor Q5 constitutes a second output terminal Ob for 
outputting a signal in phase with the first input termi- 
nal la. 

In the amplifier circuit 31 , the differentially ampli- 
fying transistors Q1, Q2 have their emitters directly 
connected to the constant current source without 
emitter resistors, as illustrated. This configuration 
can prevent noise which would be generated due to 
emitter resistors, so that low-noise amplification can 
be accomplished, i.e., a good noise figure is present- 
ed. 

The amplifier circuit 32 at the next stage, though 
its details are not shown, has the same configuration 
as the amplifier circuit 31, and first and second input 



terminals la, lb thereof are connected to the first and 
second output terminals Oa, Ob, respectively. 

The amplifier circuit 33 at the third stage is com- 
posed of an amplification stage 33a and a detection 
5 stage 33b. 

The amplification stage 33a has a configuration 
of a differential amplifier circuit, and first and second 
input terminal la, lb thereof are connected to first and 
second output terminals Oa, Ob of the amplifier cir- 
10 cuit 32, respectively. 

As is well known in a multi-stage amplifier circuit, 
the noise figure of the first stage ampl if ier circuit most 
largely affects the noise figure of the entire multi-sta- 
ge amplifier circuit, and the noise figures of respec- 
ts tive amplifier circuits at latter stages exert less influ- 
ences on the noise figure of the entire multi-stage am- 
plifier circuit. The amplification stage 33a in the third 
stage amplifier circuit 33 is designed in consideration 
of the influence of its noise figure and appropriate de- 
20 tection characteristics to be provided for detecting the 
field strength in a wide field strength changing range 
from a weak electric field to a strong electric field. 
Thus, though not particularly limited, the amplifica- 
tion stage 33a in the third stage amplifier circuit 33 is 
25 configured to form a differential amplifier identical to 
the amplifier circuits 31, 32 at the former stages, and 
is additionally provided with emitter resistors con- 
nected to the emitters of respective differentially am- 
plifying transistors, similarly to an amplification 
30 stage 61a, later explained. 

The detection stage 33b, though its details are 
not illustrated, has a configuration similar to that of a 
detection stage 61b, later explained. Specifically, the 
detection stage 33b receives an output of the ampli- 
35 fi cat ion stage 33a and delivers a detection output at 
its output terminal DTa. 

The amplifier circuit 34 illustrated in Fig. 3 has a 
similar configuration as the amplifier circuit 33 in Fig. 
5A. Specifically, first and second input terminals of an 
40 amplification stage thereof are connected to first and 
second output terminals Oa, Ob of the amplification 
stage in the amplifier circuit 33, respectively. 

Referring back to Fig. 5A, a first bypass capacitor 
C3 arranged between an external terminal T3 and a 
45 reference potential point of the circuit, a bias resistor 
R18 having one end connected to the capacitor C3, 
a second bypass capacitor G2 arranged between an 
external terminal T2 and the reference potential point 
of the circuit, a bias resistor R19 having one end con- 
so nected to the capacitor C2, and a bias resistor R1 con- 
stitute a bias circuit. The input side of the bias circuit, 
i.e., the other terminal of the bias resistor R18 and the 
other terminal of the bias resistor R1 9 are coupled to 
output terminals Oa, Ob of the amplifier circuit 34 
55 (Fig. 3) at the fourth stage, respectively. With this 
configuration, the first and second input terminals la, 
lb of the first stage amplifier circuit 3 1 are applied with 
a bias voltage, thus providing a DC negative feedback 
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bias voltage to the multi-stage amplifier circuit. 

The plurality of amplifier circuits constituting the 
second signal path also form a direct coupled multi- 
stage amplifier circuit similar to those of the first sig- 
nal path. 5 

The amplifier circuit 61 in Fig. 5A is composed of 
an amplification stage 61a and a detection stage 6ab. 

Though not particularly limited, the amplification 
stage 61a has substantially the same configuration 
as the amplifier circuits 31 , 32, except that emitter re- 10 
sistors R9, R10 are inserted between the emitters of 
respective differentially amplifying transistors Q8, 
Q9 and the collector of the constant current transistor 
Q10. Its first input terminal la is coupled to the exter- 
nal terminal T1, while its second input terminal lb is 15 
connected to the external terminal T2 so as to receive 
a bias voltage common to that applied to the second 
input terminal lb of the amplifier circuit 31. The provi- 
sion of the emitter resistors R9, R10 allows the am- 
plification stage 61a to have a wider input dynamic 20 
range, although its signal amplification factor is lim- 
ited thereby. 

The detection stage 61 b is composed of differen- 
tially connected transistors Q15, Q16; a constant cur- 
rent transistor Q17; and an emitter resistor R14. The 25 
differentially connected transistors Q15, Q16 are re- 
spectively applied with their operating current by a 
constant current source composed of the resistor R14 
and the constant current transistor Q17 which is ap- 
plied with a reference voltage (bias voltage) Vrf3 from 30 
a reference voltage source VRF3. 

One of the differentially connected transistors 
Q15, Q16, for example, the transistor Q 15, having its 
base coupled to the emitter of an emitter follower 
transistor Q12 serving as a second output terminal 35 
Ob of the amplification stage 61a, constitutes a de- 
tection input transistor, the collector of which serves 
as an output terminal DTa of the detection stage 61b. 
The other transistor, i.e., the transistor Q1 6 having its 
base coupled to a reference voltage source VRF4 40 
constitutes a transistor for setting a detection level. 

The value of a reference voltage Vrf4 applied 
from the reference voltage source VRF4 to the base 
of the detection level setting transistor Q16 is set to 
a level substantially equal to such a level that main- 45 
tains the transistor Q15 in off-state and the detection 
level setting transistor Q16 in on-state, with respect 
to the output potentials at the first and second output 
terminals Oa, Ob of the amplification stage 61a, in a 
non-signal state in which no input signal is being ap- so 
plied to the first and second input terminals la, lb of 
the amplification stage 61a. In addition, when the out- 
put potential at the second output terminal Ob of the 
amplification stage 61a increases in the positive di- 
rection during signal input, the level of the reference 55 
voltage Vrf4 causes a current to start flowing into the 
detection input transistor Q15 in proportion to the in- 
crease of the output potential in the positive direction. 



Stated another way, the reference voltage Vrf4 is dif- 
ferent from such an ordinary bias voltage as that ap- 
plied to a normal differential amplifier circuit for main- 
taining differential transistors in a balanced operation 
state, but is a bias voltage which is offset to a relative- 
ly high level side such that a signal input causes the 
detection input transistor, which remains in off-state 
while no signal is applied, to transit to on-state. 

The reference voltage source VRF4 for generat- 
ing a critical bias voltage may be formed of a circuit 
using transistors for applying a constant voltage as 
shown in Fig. 5B or a resistive potential divider circuit 
as shown in Fig. 5C including a potential dividing re- 
sistor connected in series between a power supply 
terminal and a reference potential terminal. A con- 
stant voltage circuit as shown in Fig. 5B exhibits ex- 
tremely few changes in its input operation point even 
with changes in operation temperature. However, 
while a constant voltage circuit as shown in Fig. 5C 
may be formed of a circuit of a relatively simple con- 
figuration such as a resistive potential divider circuit, 
its input operation point may vary due to changes in 
operation temperature, so that special attention 
should be paid to its use. 

With the operating point of the amplification 
stage 61a and the reference voltage Vref4 set as de- 
scribed above, the detection stage 61b is operative 
during a one-half positive cycle period of an amplified 
signal appearing at the second output terminal Ob of 
the amplification stage 61a to permit a current having 
a level proportional to the level of the amplified signal 
to flow to its detection output terminal DTa. Thus, an 
average DC current flowing to the detection output 
terminal DTa has a level proportional to the level of 
the amplified signal. 

The amplifier circuit 62 at the next stage in the 
second signal path is composed of an amplification 
stage 62a and a detection stage 62b which are con- 
figured similarly to those of the amplifier circuit 61. 
First and second input terminals la, lb of the amplifi- 
cation stage 62a are connected to the first and sec- 
ond output terminals Oa, Ob, respectively, of the am- 
plifier circuit 61 at the previous stage. 

A current source in the amplification stage 62a, 
not shown, has a configuration similar to that of the 
current source in the amplification stage 61a, that is, 
a circuit composed of transistors Q13, Q10, Q14 and 
resistors R11, R12, R13 for generating a reference 
voltage Vrf2 for the amplification stage 61 a. Both the 
amplification stages 61a, 62a are operated with the 
reference voltage Vrf2 from the common reference 
voltage source VRF2. Since the amplification stage 
62a is not connected to any circuit receiving outputs 
thereof, it does not require any output terminal for de- 
livering a signal. 

The detection stages 61b, 62b have a common 
current source which is operated with the reference 
voltage Vrf3 from the common reference voltage 
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source VRF3. A critical level required to their detec- 
tion is also made common to the level Vrf4. A detec- 
tion output terminal DTa of the detection stage 62b is 
commonly connected to an input terminal DTI of the 
signal strength detector circuit 5 together with output 
terminals of other detection stages. 

Though not particularly limited, in this embodi- 
ment, the first and second input terminals la, lb of the 
first stage amplifier circuit 61 forming part of the sec- 
ond signal path are connected directly to the first and 
second input terminals la, lb of the amplifier circuit 31 
forming part of the first signal path, respectively. With 
this configuration, the first and second input terminals 
of the first stage amplifier circuit 61 are applied with 
a bias voltage from a negative feedback circuit in the 
first signal path. In this event, the respective amplifier 
circuits constituting the first signal path are as a 
whole placed in an appropriately biased state by the 
bias voltage produced by the negative feedback con- 
figuration as described above, irrespective of offset 
voltages caused by variations in the characteristics of 
the respective differentially amplifying transistors 
and of collector load resistors in the respective ampli- 
fier circuits. On the other hand, a bias voltage applied 
to the input of the amplifier circuit 61 forming part of 
the second signal path is not related to the negative 
feedback bias loop in the first signal path, so that the 
stabilization of the operating point realized by the 
negative feedback operation would not be expected. 
However, in this embodiment, since the second signal 
path has emitter resistors, it is accordingly made in- 
sensitive to small input offsets of the bias voltage de- 
livered from the first signal path. For this reason, the 
bias voltage from the first signal path is additionally 
utilized as a bias voltage for the second signal path. 
Advantageously, this configuration only requires a far 
less number of externally connected elements such 
as coupling capacitors, bypass capacitors, and so on, 
which are added external to a semiconductor integrat- 
ed circuit device, as compared with alternatively pos- 
sible configurations, for example, a configuration 
which includes an additional negative feedback bias 
circuit dedicated to the second signal path, other than 
the negative feedback circuit in the first signal path, 
and inputs a signal to the second signal path through 
a coupling capacitor for cutting a direct current com- 
ponent of the signal. 

As is apparent from the illustrated configuration 
of the detection stage 61b, which represents all the 
detection stages in the first and second signal paths, 
the outputs of the respective detection stages are in 
the form of a current, so that they may be easily com- 
bined (added) by simple wired coupling (wire connec- 
tion). 

In this case, the operating currents and amplifi- 
cation factors have previously been set appropriately 
to the respective amplifier circuits in the first and sec- 
ond signal paths, such that when an input signal ap- 



plied to the external terminal T1 is gradually increas- 
ing from a weak level, the amplifier circuit 34 at the 
fourth stage in the first signal path first presents an 
amplified output reaching its maximal amplitude; the 

5 amplifier circuit 33 at the third stage next presents an 
amplified output reaching its maximal amplitude; and 
the amplifier circuit 62 in the second stage in the sec- 
ond signal path presents an amplified output reach- 
ing its maximal amplitude. This design enables the 

10 field strength to be smoothly detected even if the field 
strength changes over a wide range from a low level 
to a high level. 

More specifically, if an input signal at a weak lev- 
el is applied to the external terminal T1, the largest 

15 amplified signal appears at the output of the amplifier 
circuit 34 at the fourth stage forming part of the first 
signal path. Therefore, in this case, since an ampli- 
fied output of the amplifier circuit 33 at the third stage 
and amplified outputs of the amplifier circuits 61, 62 

20 at the second and previous stages in the second sig- 
nal path are still at low levels, a combined detection 
output is mainly determined by the detection output of 
the amplifier circuit 34 at the fourth stage. 

Next, when the level of the signal applied to the 

25 external terminal T1 becomes a bit higher to cause an 
amplified output of the amplifier circuit 34 at the 
fourth stage to reach its maximal amplitude, the am- 
plifier circuit 34 at the fourth stage generates a con- 
stant detection output in accordance with the maximal 

30 amplitude. In this event, if an amplified output of the 
amplifier circuit 33 at the third stage in the first signal 
path has not reached its maximal amplitude, a detec- 
tion output from the amplifier circuit 33 at the third 
stage begins to change in proportion to the increasing 

35 input signal level. At this point, a detection output from 
the second signal path still remains at a relatively low 
level. Therefore, the combined detection output pro- 
duced at this point is substantially the sum of the con- 
stant detection output from the amplifier circuit 34 at 

40 the fourth stage and the detection outputf rom the am- 
plifier circuit 33 at the third stage which changes in 
proportion to the input signal level. Therefore, the lev- 
el of the combined detection output is changed de- 
pending on the detection outputf rom the amplifier cir- 

45 cuit 33 at the third stage. 

When the input signal level has further increased 
to cause the amplified outputs of the fourth and third 
amplifier circuits 34, 33 to reach their respective max- 
imal amplitudes, the combined detection output is 

so produced by the sum of the constant detection out- 
puts of the fourth and third amplifier circuits 34, 33 
and a detection output from the amplifier circuit 62 at 
the second stage forming part of the second signal 
path, which has a level proportional to the input signal 

55 level. Therefore, the level of the combined detection 
output is changed depending on the detection output 
from the amplifier circuit 62 at the second stage of the 
second signal path. 
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When the output of the amplifier circuit 62 at the 
second stage forming part of the second signal path 
has also reached its maximal amplitude, the com- 
bined detection output is produced by the sum of the 
constant detection outputs from the respective ampli- 
fier circuits 35, 34, 33, 62 and a detection output of 
the amplifier circuit 61 having a level proportional to 
the input signal level. Therefore, the level of the com- 
bined detection output is changed in proportion to the 
detection output from the amplifier circuit 61. 

In this embodiment, the signal strength detector 
circuit 5 is composed of a current mirror circuit includ- 
ing npn transistors Q18, Q19 and emitter resistors 
R15, R16, and a load resistor R17 thereof, as shown 
in Fig. 5A, so as to deliver a detection output at its out- 
put terminal DTO with a potential across the load re- 
sistor R1 7 being a reference potential of the circuit. 

As is apparent from the foregoing explanation, 
the total detection output is produced by a wired adder 
circuit which commonly connects the outputs of the 
respective detection stages to calculate the sum of 
these outputs. The reference potential point may be 
set at the ground level GND as illustrated or at any 
other constant potential level. The wired adder circuit, 
i.e., wire connection itself may be regarded as the sig- 
nal strength detector circuit 5 in Fig. 1. 

The operation of the entire radio communication 
apparatus shown in Fig. 3 will be next explained. 

A received signal is amplified and transferred by 
the first signal path 100 to the demodulator 4 as well 
as branched to the second signal path 200 separate 
from the first signal path 100. 

Detection signals (i3, i4, i5) respectively generat- 
ed from the amplifier circuits 33, 34, 35 at the latter 
stages among the amplifier circuits 31 - 35 in the first 
signal path 100, except for the amplifier circuits 31, 
32 configured to give priority to reduced noise figure 
and higher sensitivity, and detection signals (H, i2) 
generated from the amplifier circuits 61, 62 in the 
second signal path 200, which are configured to give 
priority to wider dynamic range are added to each 
other to produce a combined detection output which 
is inputted to the signal strength detector circuit 5. 

The signal strength detector circuit 5 performs 
processing such as smoothing and so on for the com- 
bined detection signal (i1 +i2+i3+i4+i5) to output a vol- 
tage signal indicative of a detected field strength of a 
received signal at a DC level. This received field 
strength detection output is used for a variety of con- 
trols such as a search for an optimal received fre- 
quency and so on, though illustration is omitted. 

In the radio communication apparatus described 
above, the amplifier circuits 31, 32 at the former sta- 
ges in the first signal path 100 constitute circuits 
which give priority to reduced noise figure and higher 
sensitivity, so that a received signal to be transferred 
to the demodulator can be amplified by these ampli- 
fier circuits 31, 32 with a reduced noise figure and a 



high sensitivity, thus making it possible to favorably 
perform demodulation and so on for the received sig- 
nal. 

On the other hand, since the amplifier circuits 61 , 

5 62 in the second signal path 200 constitute circuits 
which give priority to wider dynamic range, the detec- 
tion of the field strength of a received signal using the 
detection signals (i1 , i2) from the amplifier circuits 61 , 
62 can be carried out over a wide dynamic range, as 

10 shown in Fig. 4. 

In this way, the radio communication apparatus 
of this embodiment enables the dynamic range for de- 
tecting field strength of a received signal to expand, 
while ensuring a reduced noise figure and a higher 

15 sensitivity for favorably performing demodulation and 
so on for the received signal, so that a variety of con- 
trols can be highly accurately accomplished based on 
the field strength thus detected over the expanded 
dynamic range. 

20 Fig. 6 shows a second embodiment of the present 

invention. 

in the second embodiment, a second signal path 
200 dedicated to detection of the field strength of a 
received signal is composed of an attenuator 13 and 

25 an amplifier circuit 62 having a wide dynamic range. 
The attenuator 1 3 is located on the input side of a re- 
ceived signal transferred to the second signal path 
200. This results in further expanding the dynamic 
range for detecting the field strength of a received 

30 signal. Particularly, the dynamic range is largely ex- 
panded in the strong field direction. 

Fig. 7 shows an embodiment of a portable cord- 
less telephone of a zone selection type, i.e., a so-cal- 
led cellular telephone to which the radio communica- 

35 tion apparatus of the present invention is applied. 

A radio communication apparatus illustrated in 
Fig. 7 has a radio receiver section RX; a radio trans- 
mitter section TX; a signal strength detector circuit 5 
for detecting the field strength of a received signal; a 

40 logic controller 83 for variably controlling a radio 
transmitted output in the radio transmitter section TX 
based on an output of the signal strength detector cir- 
cuit 5; a power supply circuit 84 employing a battery 
84 as a main power supply source; and other illustrat- 
es ed functional blocks. This radio communication appa- 
ratus is used in a communication network formed of 
radio zones (cells) 300 as shown in Figs. 8Aand 8B. 

The radio receiver section RX is composed of a 
high frequency signal amplifier (RF front end) 21 for 

so preliminarily amplifying a received signal inputted 
thereto from an antenna 1 through a branching filter 
11; a frequency convertor (down convertor) 22 for 
converting the preliminarily amplified received signal 
to an intermediate frequency signal (IF signal) in a 

55 predetermined frequency region by a local oscillating 
frequency signal (local signal) applied thereto from a 
variable frequency signal generator circuit 81; an in- 
termediate frequency amplifier (IF section) 3 for am- 
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plifying the converted IF signal at multiple stages; a 
FM detector 41 for demodulating modulated signal 
components from the amplified IF signal; a PCM de- 
modulator 42 for performing demodulation of a re- 
ceived speech signal from the demodulated modulat- 5 
ed signal components, discrimination of digital con- 
trol signals, and so on; a low frequency power ampli- 
fier 43 for amplifying the demodulated received 
speech signal; a speaker 44 for generating sound re- 
produced from the amplified received speech signal; 10 
and so on. 

The radio transmitter section TX is composed of 
a PCM modulator 73 for pulse-coding a speech signal 
to be transmitted, which is inputted thereto from a mi- 
crophone 71 through a low frequency pre-amplifier 15 
72, and performing orthogonal amplitude modulation 
with this pulse-coded speech signal; a FM modulator 
74 for modulating an intermediate frequency carrier 
(baseband carrier) with an output signal of the PCM 
modulator 73; an amplifier (buffer) 75 for buffering 20 
and amplifying a modulated intermediate frequency 
signal (IF signal); a frequency convertor (up conver- 
ter) 76 for converting the amplified IF signal to a high 
frequency signal in a predetermined frequency region 
with a local oscillating frequency signal (local signal) 25 
applied thereto from a variable frequency generator 
circuit 81; a high frequency power amplifier 77 for am- 
plifying the power of the converted high frequency 
signal and supplying the amplified high frequency 
signal to the antenna 1 through the branching filter 11 ; 30 
and so on. The high frequency power amplifier 77 
used in this radio transmitter section is configured to 
be variably controlled such that its transmitted output 
varies in accordance with a transmitted distance. 

The signal strength detector circuit for detecting 35 
the field strength of a received signal is composed of 
a first signal path 100 constituting the IF section 3 of 
the radio receiver section RX; a second signal path 
200 formed of the IF section 6 for amplifying the re- 
ceived signal, separately from the IF section 3; a 40 
wired adder circuit 51 for adding a detection signal (ia) 
extracted from the first signal path 100 and a detec- 
tion signal (ib) extracted from the second signal path 
200 to produce a combined detection signal; a signal 
strength detector circuit 5 for performing processing 45 
such as smoothing for the combined detection signal 
(ia+ib) to output a voltage signal indicative of the field 
strength of a received signal at a DC level; and so on. 

In this configuration, the first signal path 100 is 
composed of circuits which give priority to reduced so 
noise figure and higher sensitivity, while the second 
signal path 200 is composed of circuits which give pri- 
ority to wider dynamic range. Also, the output of the 
signal strength detector circuit 5 is converted to a dig- 
ital signal by an A/D convertor 52 and delivered to the 55 
logic controller 83, later described. 

The logic controller 83 is formed of a computer in- 
tegrated in a micro circuit and performs network con- 



trols such as selection of a radio zone and an optimal 
control for a radio transmitted output, based on infor- 
mation inputted through manipulations of an opera- 
tion panel 82, digital control signals discriminated by 
the radio receiver section RX, and the field strength 
of a received signal detected by the signal strength 
detector circuit 5. 

The variable frequency generator circuit 81 is 
formed of a phase lock loop (PLL), and generates a 
local oscillating frequency signal (local signal) for de- 
termining a received frequency and transmitted fre- 
quency based on the frequency of a quartz oscillator 
(not shown) under control of the logic controller 83. 

The logic controller 83 is configured to perform 
the selection of a radio zone and the optimal control 
for a radio transmitted output by using the field 
strength of a received signal as main control informa- 
tion source. More specifically, a radio zone is select- 
ed from comparison of the field strengths of received 
signals from base stations in several radio zones, 
which have been detected by the signal strength de- 
tector circuit 5. Also, a radio output to be transmitted 
to a base station in a selected radio zone is increased 
or decreased in accordance with the field strength of 
a received radio signal transmitted from the base sta- 
tion. State another way, the logic controller 83 per- 
forms such a control that a radio output to be trans- 
mitted is increased responsively if the field strength 
of a received signal, detected by the signal strength 
detector circuit 5, presents a low level, and that the ra- 
dio output to be outputted is reduced responsively if 
the field strength presents a high level. 

In this way, when the radio communication appa- 
ratus of this embodiment is located relatively remote 
from a base station, its radio transmitted output is in- 
creased to ensure a predetermined communication 
quality. On the other hand, when the radio communi- 
cation apparatus is located relatively near a base sta- 
tion, its radio transmitted output is reduced to mini- 
mize the consumption of the battery 85 spent for the 
transmission. In addition, effective utilization of fre- 
quencies can be achieved thanks to an interference 
disturbed range which is narrowed on the same chan- 
nel (or at the same frequency) and so on. 

As described above, the radio communication ap- 
paratus of the embodiment shown in Fig. 7 enables 
a stable communication quality to be ensured without 
difficulties in situations wherein the apparatus is 
used for mobile applications. Also, electric power 
consumed thereby is reduced, so that if a battery is 
used as a power source, its service life can be ex- 
tended. 

The radio communication apparatus of the em- 
bodiment shown in Fig. 7 further has the following ef- 
fects in addition to those described above. 

First, with the provision of the first signal path 100 
for amplifying and transferring a radio received signal 
from the antenna 1 and a second signal path 200 for 
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transferring the radio received signal separately from 
the first signal path 100 so as to detect the field 
strength of the received signal from a detection signal 
(ia) extracted from the first signal path 1 00 and a de- 
tection signal (ib) extracted from the second signal 
path 200, wherein the first signal path 100 is com- 
posed of circuits which give priority to reduced noise 
figure and higher sensitivity, i.e., which give priority 
to communication quality, while the second signal 
path 200 is composed of circuits which give priority to 
wider dynamic range, the field strength of received 
signals can be precisely detected over a very wide 
range from a weak electric field to a strong electric 
field. In this way, a variable control for a transmitted 
output, based on a detected field strength value, can 
be properly achieved over a wide range. Therefore, 
as shown in Fig. 9C, the transmitted output thus opti- 
mized neither more or less results, with extremely 
high reliability, in a high communication quality that 
can be stably ensured, minimal consumption of the 
battery, and suppression of unnecessary radiation of 
radio wave. 

Figs. 9A, 9B, 9C respectively show the relation- 
ship between a received signal from the antenna, a 
field strength detection output So, and a transmitted 
output Po variably set based on the field strength de- 
tection output So. 

Specifically, Fig. 9A shows the relationship when 
the field strength detecting range, i.e., dynamic range 
is relatively narrow; Fig. 9B when the accuracy of the 
field strength detection is partially bad (the linearity 
of the field strength detection is bad); and Fig. 9C 
when the dynamic range as well as the accuracy are 
satisfactory to the field strength detection. 

In Fig. 9A, when the radio communication appa- 
ratus is close to a base station in a radio zone, for ex- 
ample, so that a sufficient communication quality 
may be ensured even with a small amount of power, 
an actual transmitted output Po largely exceeds a 
proper output Ps, with the result that the difference 
therebetween dP (dP=Po-Ps) ends up to be useless 
battery consumption and unnecessary radiation of 
radio waves. 

Also, in Fig. 9B, in a portion where the field 
strength is not precisely detected, a difference (dP) 
between a received signal and a field strength detec- 
tion output So ends up to be useless battery con- 
sumption and unnecessary radiation of radio waves. 

Fig. 9C shows that the field strength is relatively 
precisely detected over a wide range from a strong 
electric field to a weak electric field, so that an opti- 
mal transmitted output Po can be variably set in a 
proper quantity even if the radio communication ap- 
paratus is located near the boundary of a radio zone 
so that the sensitivity to received signals is low or 
even if the radio communication apparatus is close to 
a base station in a radio zone so that the sensitivity 
to received signals is extremely high. 



Further, the capability of precise field strength 
detection over a wide dynamic range, as shown in Fig. 
9C, is highly advantageous in reducing the size of ra- 
dio zones, as shown in Figs. 8A, 8B. 
5 As the size of a radio zone, the so-called cell size 

is smaller, the frequency utilization efficiency is ad- 
vantageously improved. More specifically, the num- 
ber of frequencies (channels) simultaneously usable 
in a radio zone is limited to a fixed number. Therefore, 
10 in relatively wide radio zones as shown in Fig. 8A, the 
fixed number of frequencies (channels) must be used 
in each of them. However, if narrower radio zones are 
provided as shown in Fig. 8B, the same numberof fre- 
quencies (channels) can be used in the narrower ra- 
ts dio zones. In other words, assuming that the size of 
a radio zone is reduced to a quarter of an original radio 
zone, the numberof frequencies (channels) available 
in the same size of region can be increased to four 
times. This is extremely important to improve the util- 
20 ization efficiency of frequencies which are a limited 
resource. 

However, if the radio zones are thus narrowed, 
grave problems to be solved are left behind. 

Specifically explaining, in a narrower radio zone, 

25 the field strength of a received signal tends to quite 
largely change. Generally, the field strength of a re- 
ceived radio signal changes substantially in recipro- 
cal proportion to a square of a distance from a trans- 
mitting base station to the radio communication appa- 

30 ratus. Assuming that the radio communication appa- 
ratus is located at a distance of 1000 meters from a 
transmitting base station, the field strength of a re- 
ceived signal will not change so much even if it moves 
100 meters from there. Thus, a transmitted output 

35 need not be corrected so much in order to remain 
proper for maintaining a high communication quality. 
However, assuming that the distance therebetween is 
merely 100 meters, a significant change in the field 
strength of a received signal will result if the radio 

40 communication apparatus moves 100 meters from 
there. Thus, the transmitted output should also be 
largely corrected in order to remain proper for main- 
taining the communication quality. 

As described above, while the provision of nar- 

45 rower zones is important and effective in improving 
the utilization efficiency of frequencies (channels), 
this advantage has not been so far utilized sufficient- 
ly due to significant changes in the field strength of 
received signals possibly occurring in such narrower 

so radio zones. 

If the field strength of a received signal is relative- 
ly precisely detected from a strong electric field to a 
weak electric field, as shown in Fig. 9C, such that an 
optimal transmitted output Po can be variably set nei- 

55 ther more or less respectively in the case where the 
radio communication apparatus is located near the 
boundary of a radio zone so that the sensitivity to re- 
ceived signals is low and for the case where the radio 
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communication apparatus is close to a base station in 
a radio zone so that the sensitivity to received signals 
is extremely high, a high utilization efficiency of fre- 
quencies will be realized by a transmitted output thus 
properly set for any case, even if narrower radio 
zones are provided as shown in Fig. 8B. 

It will be therefore appreciated that, according to 
the radio communication apparatus shown in Fig. 7, 
the utilization efficiency of frequencies can be im- 
proved by narrowing radio zones. 

Fig. 10 shows another embodiment of a portable 
cordless telephone of zone selection type or a so-cal- 
led cellular telephone to which the radio communica- 
tion apparatus of the present invention is applied. 

Explaining particularly differences between this 
embodiment and the embodiment shown in Fig. 7, the 
radio communication apparatus shown in Fig. 10 in- 
cludes a signal switching circuit 14 controlled by a 
controller 83 based on an output of a signal strength 
detector circuit 5 and an attenuator 13 coupled to a 
high frequency signal amplifier 21 in a receiver sec- 
tion RX through the signal switching circuit 14, such 
that the gain for the received signal from an antenna 
1 is switched in accordance with the field strength 
thereof, to one of three paths: a path to the high fre- 
quency amplifier 21 for amplifying the received sig- 
nal; a path bypassing the high frequency amplifier 21 
without amplification; and a path to the attenuator 1 3. 
The attenuator 13 is formed of a non-inductive type 
resistive attenuator in consideration of impedance 
matching. 

With this configuration, even in a strong electric 
field region in which an excessively large input signal 
may cause a suppression phenomenon to occur in the 
high frequency amplifier 21, a proper transmitted out- 
put can be variably set precisely in accordance with 
a detected field strength of the excessively large input 
signal. The controller 83 in this case is configured to 
perform control operations in consideration of 
changes in the level of a field strength detection out- 
put caused by the switching of the high frequency 
gain. 

Fig. 11 shows a further embodiment of a portable 
cordless telephone of zone selection type, i.e., the so- 
called cellular telephone to which the radio communi- 
cation apparatus of the present invention is applied. 

In this embodiment, separate signal strength de- 
tector circuits 5a, 5b are provided in first and second 
signal paths 100, 200, respectively. Field strength de- 
tection outputs are digitized and delivered to a con- 
troller 83 separately through both the first and second 
signal paths 100, 200. The controller 83 combines the 
two digitized signal strength detection outputs by dig- 
ital processing and performs controls on transmitted 
output and soon based on the resultant combined sig- 
nal strength detection output. 

Fig. 12 shows a further embodiment of a portable 
cordless telephone of zone selection type, i.e., the so- 



called cellular telephone to which the radio communi- 
cation apparatus of the present invention is applied. 

In this embodiment, a first signal path 100 and a 
second signal path 200 have frequency converters 

5 22, 221 , respectively, such that a received signal from 
an antenna 1 is separated prior to frequency conver- 
sion, and the two signals are transferred separately 
through the respective signal paths. The first signal 
path 100 is composed of circuits which give priority to 

10 the performance of the receiver, while the second sig- 
nal path 200 is composed of circuits which give prior- 
ity to the accuracy of the field strength of received sig- 
nals in a high field strength region. Detection signals 
ia, ib respectively extracted from the two signal paths 

15 1 00, 200 are combined such that the field strength of 
a received signal can be highly accurately detected 
over a wide dynamic range from a weak electric field 
to a strong electric field. 

While the invention created by the present inven- 

20 tors has been specifically described in connection 
with several embodiments thereof, it goes without 
saying that the present invention is not limited to the 
foregoing embodiments, and may be modified in va- 
rious ways without departing from the gist thereof. 

25 For example, although the receiver section RX has 
been configured as a single super-heterodyne form in 
the illustrated embodiments, a double super-hetero- 
dyne or triple super-heterodyne form may also be em- 
ployed. Also, the modulating method used by the 

30 transmitter section TX may be a single side band 
(SSB) or spread spectrum modulation method. 

While in the foregoing description, the invention 
created by the present inventors has been described 
for the case where it is applied to a portable telephone 

35 (cellular telephone), i.e., one of industrial fields of util- 
ization which has required it, the present invention is 
not limited thereto, but may also be applied, for exam- 
ple, to radio communication apparatuses or systems 
for use in fixed telephone applications. 

40 

Claims 

1. A radio communication apparatus comprising: 
45 a first signal path (100) including at least 

one first amplifier for amplifying a signal, at least 
one second amplifier for amplifying an output of 
said at least one first amplifier, and at least one 
first detector (33b, 34b) for detecting said ampli- 
50 fied signal; 

a second signal path (200) connected to 
an input portion of said first signal path including 
at least one third amplifier for amplifying said sig- 
nal, and at least one second detector (61b, 62b) 
55 for detecting said amplified signal output from 

said third amplifier; and 

a signal strength detector circuit (5) con- 
nected to said first and second signal paths for 
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adding said detected signal of said first detector 
circuit and said detected signal of said second de- 
tector circuit. 

2. A radio communication apparatus according to 
claim 1, 

wherein said first signal path has a func- 
tion of expanding a dynamic range in a smaller 
signal region as compared with said second sig- 
nal path, and said second signal path has a func- 
tion of expanding the dynamic range in a larger 
signal region as compared with said first signal 
path. 

3. A radio communication apparatus according to 
claim 2, wherein: 

said at least one first amplifier (31 , 32) in- 
cludes a pair of transistors having emitters and 
collectors, respectively; collector resistors con- 
nected to the collectors of said respective transis- 
tors; and a current source connected to said emit- 
ters, said first amplifiers being connected to per- 
form differential operateion; 

said at least one second amplifier (33,34) 
includes a pair of transistors having collectors 
and emitters, respectively; collector resistors 
connected to the collectors of said respective 
transistors; emitter resistors connected to the 
emitters of said respective transistors; and a cur- 
rent source connected to said emitter resistors, 
said second amplifier being connected to per- 
form differential operation; and 

said at least one third amplifier (61 , 62) in- 
cludes a pair of transistors having collectors and 
emitters, respectively; collector resistors con- 
nected to the collectors of said respective transis- 
tors; emitter resistors connected to the emitters 
of said respective transistors; and a current 
source (Q17) connected to the emitter resistors, 
said third amplifier being connected to perform 
differential operation. 

4. A radio communication apparatus according to 
claim 2, wherein: 

amplified outputs of said second amplifier 
(33, 34) in said first signal path (1 00) is connected 
through resistors (R18, R19) to the input portions 
of said at least one first amplifier (31, 32) in said 
first signal path to form a negative feedback cir- 
cuit. 

5. A radio communication apparatus according to 
claim 3, further comprising an attenuator (13) 
connected to an input portion of said second sig- 
nal path (200) for attenuating said signal. 

6. A radio communication apparatus according to 
claim 2, further comprising: 



a transmission control circuit (83) con- 
nected to the output of said signal strength detec- 
tor circuit (5) for providing a signal for adjusting a 
signal transmission output; and 
5 a transmitter (TX) connected to said trans- 

mission control circuit for adjusting the signal 
transmission output in response to said adjusting 
signal. 

10 7. A radio communication apparatus according to 
claim 2, further comprising: 

an FET circuit (2) connected to the input 
portion of said first signal path (100) for frequen- 
cy modulating said signal; and 

15 a demodulator circuit (4) connected to an 

output portion of said first signal path for demod- 
ulating a detected signal. 

8. An apparatus according to claim 1, further com- 
20 prising a connection portion (51) for wired- 

connecting outputs from said first and second 
detector circuits with each other. 

9. An apparatus according to claim 1, further com- 
25 prising: 

an FET circuit (2) connected to the input 
portion of said first signal path (100) for frequen- 
cy modulating said signal; and 

a demodulator circuit (4) connected to an 
30 output portion of said first signal path for demod- 

ulating a detected signal. 

10. An apparatus according to claim 9, wherein: 

said second plurality of amplifiers (33, 34) 

35 each includes a pair of transistors; collector resis- 

tors connected to the collectors of said respective 
transistors in the pair; emitter resistors connect- 
ed to the emitters of said respective transistors in 
the pair; and a current source connected to said 

40 emitter resistors, said each amplifier being con- 
nected to perform differential operate; 

said third plurality of amplifiers (61, 62) 
each includes a pair of transistors (Q8, Q9); col- 
lector resistors (R7, R8) connected to the collec- 

45 tors of said respective transistors in the pair; 

emitter resistors (R9, R1 0) connected to the emit- 
ters of said respective transistors in the pair; and 
a current source (Q10) connected to said emitter 
resistors, said each amplifier being connected to 

so perform differential operation; and 

said third plurality of amplifiers (61, 62) 
each includes a pair of transistors (Q15, Q16); 
collector resistors (R7, R8) connected to the col- 
lectors of said respective transistors in the pain 

55 and a current source (Q17) connected to the 

emitters of said respective transistors in the pair, 
said each amplifier being connected to perform 
differential operation. 
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11. An apparatus according to claim 10, further com- 
prising an attenuator (13) connected to an input 
portion of said second signal path (200) for at- 
tenuating said signal. 

12. A radio communication apparatus comprising: 

a first signal path (1 00) for amplifying and 
detecting a received signal and transferring said 
received signal to a demodulator (4); 

a second signal path (200) for amplifying 
and detecting said received signal separately 
from said first signal path; and 

a signal strength detector circuit (5) for de- 
tecting the field strength of said received signal 
from a detection signal extracted from said first 
signal path and a detection signal extracted from 
said second signal path, 

wherein said first signal path is composed 
of circuits which expand a dynamic range in a 
lower region, while said second signal path is 
composed of circuits which give priority to wider 
dynamic range. 

13. A radio communication apparatus according to 
claim 12, wherein said second signal path (200) 
includes an attenuator (13) arranged at the input 
side thereof. 

14. A radio communication apparatus comprising: 

a radio receiver section (RX); 

a radio transmitter section (TX); 

a signal strength detector circuit (5) for de- 
tecting the field strength of a received signal; and 

control means (83) for variably controlling 
a radio transmitted output in said radio transmit- 
ter section based on an output of said signal 
strength detector circuit. 

15. A radio communication apparatus according to 
claim 14, further comprising: 

a first signal path (1 00) for amplifying, de- 
tecting, and transferring a radio received signal 
from an antenna (1); 

a demodulator (4) for demodulating the re- 
ceived signal with an output transferred from said 
first signal path; 

a second signal path (200) for amplifying, 
detecting, and transferring said radio received 
signal separately from said first signal path; 

a signal strength detector circuit (5) for de- 
tecting the field strength of said radio received 
signal from a detection signal extracted from said 
first signal path and a detection output extracted 
from said second signal path; and 

control means (83) for variably controlling 
a radio transmitted output based on an output of 
said signal strength detector circuit. 



16. A radio communication apparatus according to 
claim 14, wherein said first signal path (100) is 
composed of circuits (31 - 35) which give priority 
to lower noise figure, and said second signal path 

5 (200) is composed of circuits (61, 62) which give 

priority to wider dynamic range. 

17. A radio communication apparatus according to 
claim 14, further comprising: 

w AID converter means (52) for separately 

converting a first detection signal extracted from 
said first signal path (100) and a second detec- 
tion signal extracted from said second signal 
path (200) to digital signals; and 

15 control means (83) for performing digital 

processing on a received signal strength based 
on said digitally converted first detection signal 
and second detection signal and for performing 
an optimal control for a radio transmitted output 

20 based on the received signal strength produced 

by said digital processing. 

18. A radio communication apparatus according to 
claim 14, further comprising: 

25 an attenuator (1 3) for attenuating an input 

level of a radio received signal from an antenna 

(D; 

switching means (14) for removably insert- 
ing said attenuator between said antenna and 
30 said first and second signal paths (1 00, 200); and 

control means (83) for controlling switch- 
ing operations of said switching means based on 
a signal strength detection output. 

35 19. A radio communication apparatus according to 
claim 14, further comprising control means (83) 
for controlling selection of a radio zone based on 
a detected received field strength. 
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